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Pharmaceutical Compositions 
Description 

The present invention relates to improved formulations for the treatment of 
5 premature ejaculation and, in particular, relates to the administration of tricyclic 
antidepressants, such as clomipramine, by pulmonary inhalation for treating 
premature ejaculation. 

Premature ejaculation (PE) is the persistent or recurrent ejaculation with minimal 
10 stimulation before, on or shortly after penetration and before the patient (or 

partner) wishes it. An occasional instance of PE might not be cause for concern, 
but if the problem occurs more frequently, a dysfunctional pattern usually exists for 
which treatment may be appropriate. 

15 Male sexual stimulation can be classified according to functional activities during 
the sexual cycle. The normal male sexual response cycle is divided into five 
interrelated events that occur in a defined sequence: libido, erection, ejaculation, 
orgasm and detumescence. 

20 Ejaculation is controlled by sympathetic innervation of the genitals and occurs as a 
result of a spinal cord reflex, although there is also considerable voluntary inhibitory 
control. Ejaculation involves two processes. Emission is associated with the 
secretion of seminal fluid into the posterior urethra via contractions of the ampulla 
of the vas deferens, seminal vesicles and prostate smooth muscle. This is followed 

25 by the second phase of expulsion of the seminal fluid through the penis to the 
outside. An inhibitory effect on ejaculation is thought to be mediated via 
serotonergic neurotransmission in the forebrain. 

In normal development, men are able to control their ejaculation by the age of 17 or 
30 18. 

A spectrum of ejaculatory disorders exists, ranging from premature ejaculation 
,through to absence of ejaculation. Premature ejaculation is described as the most 
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common male sexual dysfunction with an estimated prevalence of around 30%. 
This estimate varies between 1% and 75% depending on the population and the 
criteria used to define the condition. 

5 A descriptive definition that has been used defines premature ejaculation as: 

"persistent or recurrent ejaculation with minimum sexual stimulation that occurs 
before, upon or shortly after penetration and before the person wishes it and in the 
absence of substance abuse". The condition can cause great distress and can place 
strain on relationships. Therefore, an effective and reliable treatment of PE is 

10 highly desirable. 

A quantitative definition, the Intravaginal Ejaculatory Latency Time (IELT), has 
also been used as an endpoint to enable the assessment of interventions designed to 
improve ejaculatory delay. A person is considered to have premature ejaculation if 
15 the IELT is <60 seconds. 

Premature ejaculation can be physiological in nature (neurological abnormality, 
acute physical illness, physical injury or pharmacological side effect) or 
psychological (distress, anxiety, deficit in psychosexual skill). Primary premature 
20 ejaculation describes the condition in someone who has had symptoms from the 
onset of sexual experience, whereas secondary PE is a sequelae to another 
condition, for example erectile dysfunction. 

PE may be related to a number of different factors including a hypersensitive 
25 nervous system, penile sensitivity, somatic vulnerabiUty, lack of inhibitory effect of 
the serotonergic system and superior reproductive strategy. 

It is believed that ejaculation delay is related to 5HT 2C activation, with faster 
ejaculation associated with 5HT 1A activation. It is hypothesised that low 5HT 
30 neurotransmission or hypofunction of the 5HT 2C receptor or hyperfunction of 
5HT 1A leads to PE. 
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Treatment of premature ejaculation can be divided into either psychological and 
behavioural couns ellin g or drug therapy. The former can take a number of forms 
but all are centred on the basic procedure of the stop-start technique. This involves 
the man or his partner stopping stimulation and squeezing the penis, proximal to 
5 the frenulum, at the moment immediately before ejaculation. Used in a graduated 
fashion starting with masturbation and ending with active intercourse this technique 
has high initial success (60-90%) although this may decline over the 3 years after 
therapy to 25%. 

10 There are a number of different drug therapy approaches to premature ejaculation. 
Much of the early work was done using the tricyclic antidepressant clomipramine 
which acts centrally via the 5HT2 receptor to inhibit serotonin reuptake, thereby 
promoting serotonin activity and effecting a delay in ejaculation. Oral doses of 25- 
50mg are effective and although the minimum time of ingestion before anticipated 

15 sexual activity is not defined, it can vary between 4 and 24 hours. An additional 
hypothesis suggests that clomipramine increases the genital sensory threshold via 
inhibition of local adrenergic receptors. 

There are side effects associated with the use of clomipramine in treating PE, such 
20 as spontaneous orgasm, anorgasmia, and ejaculatory pain. Additionally, there are a 
range of frequently reported side effects (>10%) for the oral formulation used for 
antidepressive indications, including dry mouth, sweating, constipation, blurred 
vision, nausea, drowsiness, headache and dizziness. 

25 More recent work has been carried out with selective serotonin uptake inhibitors 
such as sertraline (Zoloft), fluoxetine (Prozac) and paroxetine (Paxil). All are 
effective in producing a delay in ejaculation, but once again oral dosing requires 
there to be a delay between ingestion and sexual activity of some hours. None are 
approved for a PE indication. 

30 

Some early work has been done with alpha-adrenergic receptor blockers, based on 
the hypothesis that the sympathetic nervous system is responsible for the control of 



the peristaltic movement of seminal fluid. However, no definitive dosing regimen 
has been established in larger trials. 

limited data are available for the use of topical anaesthetic creams applied to the 
glans penis and penile shaft in association with the use of a condom. This 
treatment has not been formally tested. It seems that analgesia is maximal. 2 -3 
hours after application and lasts for 1-2 hours depending on method of application. 

A number of new products are also currently under development, including 
dapoxetine, a 5HT modulator-reuptake inhibitor, 5HT3 receptor antagonists and 
5HT4 antagonist, and novel fluoxetine formulations. 

Abdel-Hamid et al (Int J Impot Res. 2001 Feb;13(l):41-5) conducted a randomised, 
double blind, crossover, comparative study in 31 male patients with primary PE. 
The study evaluated five different therapies (clomipramine, sertraline, paroxetine, 
sildenafil and the "squeeze technique") during a 4-week treatment period with a 2- 
week washout period. It was concluded that clomipramine, sertraline, paroxetine 
demonstrated comparable efficacy, with sildenafil demonstrating optimal efficacy. 

All these treatments rely on a high degree of predictability and planning of sexual 
activity because of the delay between dosing and attainment of effect. It is 
therefore an aim of the present invention to provide a treatment for premature 
ejaculation which has a rapid onset of effect with minimum but adequate duration, 
thereby allowing important spontaneity of sexual activity and creating a much more 
patient-friendly treatment than currently exists. 

In addition, the present invention also seeks to avoid the side effects frequently 
associated with some of the knoWn treatments discussed above. It is envisaged that 
this might be achieved by more efficient administration, so that smaller doses of the 
therapeutic agent may be administered to achieve the same therapeutic effect. It has 
also been noted that the side effects associated with the administration of 
clomipramine, such as spontaneous orgasm, anorgasmia, and ejaculatory pain may 



-5- 



be due to the relatively unpredictable nature of oral route metabolism and so it may 
be possible to avoid them by using a more predictable mode of administration. 

Side effects should also be reduced if the therapeutic agent can be administered on a 
5 "as needed" basis, rather than continuously, by chronic daily dosing. 

Clomipramine is a member of the class of drugs generally referred to as tricyclic 
antidepressants. Tricyclic depressants are generally prescribed by doctors for the 
treatment of severe depression or depression which occurs with anxiety. Some 
10 tricyclic antidepressants also have broad anti-obsessional and anti-panic .effects.- . 

The group of tricyclic antidepressants includes the above mentioned clomipramine, 
as well as imipramine, amitriptyline, doxepin, desipramine, nortriptyline, 
protripyline, trimipramine, maprotdline and amoxapine. To varying extents, all of 
- 15 these tricyclic agents share the capability of inhibiting the neuronal uptake of 

norepinephrine. That said, these tricyclic agents may vary in the severity of their 
side effects, most notably in the degree of sedation and the extent of the 
anticholinergic effects. 

20 Clomipramine (3-cmoro-5-[3-(dimethylamino)-propyl]-10,ll--dihydro-5H- 

dibenz[b,f|azepine) is a tricyclic agent with both antidepressant and anti-obsessional 
properties. like other tricyclic antidepressants, clomipramine inhibits 
norepinephrine and serotonin uptake into central nerve terminals, possibly by 
blocking the membrane-pump of neurons, thereby increasing the concentration of 

25 transmitter monoamines at receptor sites. Clomipr amin e is presumed to influence 
depression as well as obsessive and compulsive behaviour through its effects on 
serotonergic neurotransmission. The actual neurochemical mechanism is unknown, 
. but clomipramine's capacity to inhibit serotonin reuptake is thought to be 
important. Clomipr amin e also appears also to have a mild sedative effect which may 

30 be helpful in alleviating the anxiety component often accompanying depression. 

As with other tricyclic compounds, clomipramine possesses anticholinergic 
properties which are responsible for some of its side effects. It also has weak 
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antihis tamin e and antiserotonin properties, lowers the convulsive threshold, 
potentiates the effect of norepinephrine and other drugs acting on the CNS, has a 
quinidine-like effect on the heart and may impair cardiac conduction. 

5 Clomipramine is commercially available in the form of oral tablets or capsules, 
usually comprising 10, 25, 50 or 75mg of clomipramine or clomipramine 
hydrochloride. Absorption of clomipramine is reported to be rapid and complete 
after oral administration. Plasma levels usually peak 2 hours after dosage but much 
individual variation occurs. The plasma half-life after a single oral dose is 

10 approximately 21 hours, although the active metabolite desmethylclomipramine has 
a halfJife life of around 36 hours following oral administraticm. 

Whilst clomipramine has been shown to be effective in treating PE with oral doses 
starting from about 25mg, the onset of the therapeutic effect of the drug is 
15 relatively slow and this does present problems and can destroy the spontaneity of 
sexual intercourse. Furthermore, doses of clomipr amin e of this magnitude are 
associated with a variety of side effects, most of which are mild, although some of 
which can be serious. 

In light of the foregoing, it is an aim of the present invention to provide improved 
formulations for the treatment of premature ejadulation, preferably where the 
formulations have a rapid onset of the therapeutic effect and their administration is 
accompanied by reduced side effects compared to current treatments. 

According to a first aspect of the present invention, new pharmaceutical 
compositions comprising a tricyclic antidepressant are provided for treating 
premature ejaculation by pulmonary inhalation. This mode of administration 
preferably leads to the avoidance of or reduction in side effects normally associated 
with the administration of the tricyclic antidepressant. 

In accordance with another aspect of the present invention, new methods of 
treating premature ejaculation are provided, using new pharmaceutical compositions 
comprising a tricyclic antidepressant which are administered by pulmonary 
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inhalation. Again, these methods preferably achieve the desired therapeutic effect 
whilst avoiding the side effects associated with the administration of the tricyclic 
antidepressant. 

5 The preferred tricyclic antidepressant is clomipramine. The term "clomipramine" as 
used herein includes clomipramine and clomipramine hydrochloride, as well as any 
other derivatives of clomipr amin e. Other suitable tricyclic antidepressants include 
those mentioned above, such as imipramine, amiprityline and doxepin. 

10 The compositions of the present invention may comprise two or more different. - 
tricyclic antidepressants and can also additionally comprise other therapeutic agents 
which may optionally assist the treatment of premature ejaculation. 

The compositions and methods of the present invention provide a fast onset of the 
15 desired therapeutic effect. In particular, the onset is significantly faster than that 
observed upon oral administration of tricyclic antidepressants such as 
clomipramine. 

The present invention also relates to high performance inhaled delivery of tricyclic 
20 antidepressants, which has a number of significant and unexpected advantages over 
oral administration. The mode of administration and the formulations of the 
present invention make this excellent performance possible. 

In accordance with one embodiment of the present invention, the pharmaceutical 
25 composition is in the form of a dry powder. Preferably, the dry powder is 
dispensed by a dry powder inhaler (DPI). 

In one embodiment of the present invention, the composition comprises active 
particles comprising a tricyclic antidepressant, such as clomipramine, the active 
30 particles having a mass median aerodynamic diameter (MMAD) of no more than 
about lOjiin. 
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In another embodiment of the present invention, the composition comprises active 
particles comprising a tricyclic antidepressant, such as clomipramine, and an 
additive material which is an anti-adherent material and reduces cohesion between 
the particles in the composition. 

In yet another embodiment of the present invention, the composition comprises 
active particles comprising a tricyclic antidepressant, such as clomipramine, and 
carrier particles of an inert excipient material, such as lactose. The carrier particles 
may have an average particle size of from about 5 to about lOOOum. 

In an alternative embodiment, the composition is a solution or suspension, which is 
dispensed using a pressurised metered dose inhaler (pMDI). The composition 
according to this embodiment can comprise the dry powder composition discussed 
above, mixed with or dissolved in a liquid propellant such as HFA134a or HFA227. 

It is anticipated that the delivery of a tricyclic antidepressant, such as clomipramine, 
via pulmonary inhalation will be more efficient than delivery by the oral route used 
at present. It is also suggested that this efficient delivery will allow the dosing levels 
to be reduced and that reduced side effects may also be observed. 



The dosing efficiency is expected to lead to a clinical effect being observed 
following administration by inhalation of doses of a tricyclic antidepressant which 
are lower than the doses required to achieve the same therapeutic effect when the 
tricyclic antidepressant is administered orally. Indeed, whilst oral doses of 
25 clomipramine for treating PE start at 25mg, it is anticipated that doses of less than 
25mg, or even less than 20, 15, 10 or 5mg will be effective when administered by 
pulmonary inhalation. In one embodiment of the present invention, the dose of a 
tricyclic antidepressant administered by pulmonary inhalation is between 2 and 
20mg, between 2 and 15mg, between 2 and lOmg, or between 2 and 5mg. 



In some embodiments of the present invention, the tricyclic antidepressant 
comprises from about 1% to about 99%, from about 3% to about 80%, from about 
5% to about 50%, or from about 15% to about 40% of the powder composition. 
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In another aspect, the present invention provides unit doses of the tricyclic 
antidepressant for treating premature ejaculation. The unit doses comprise the 
pharmaceutical compositions comprising a tricyclic antidepressant discussed above. 

5 

In one embo dim ent, blisters are provided containing the compositions according to 
the present invention. The blisters are preferably foil blisters and comprise a base 
having a cavity formed therein, the cavity containing a powder composition, the 
cavity having an opening which is sealed by a rupturable covering. 

- 10 

The doses and/or drug loaded blisters preferably include from 1 to 5mg of powder 
composition, wherein the tricyclic antidepressant comprises from about 1 to about 
99%, from about 3% to about 80%, from about 5% to about 50%, or from about 
15% to about 40% of the powder composition. 

15 

According to another embo dim ent of the present invention, a dry powder inhaler 
device is provided, comprising a composition according to the invention, as 
described herein. 

20 In a further embo dim ent, the inhaler is an active inhaler. In yet another 
embodiment, the inhaler is a breath actuated inhaler device. 

In one embodiment, the composition according to the present invention is held in a 
blister, the contents of which may be dispensed using one of the aforementioned 
25 devices. Preferably, the blister is a foil blister. 

In another embodiment, the blister comprises polyvinyl chloride or polypropylene 
in contact with the composition. 

30 In another aspect, the present invention is directed to methods for producing an 
inhalable aerosol of a powdered tricyclic antidepressant composition. 
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In yet another aspect of the present invention, there is provided the use of a 
tricyclic antidepressant in the manufacture of a medicament for treating premature 
ejaculation by pulmonary inhalation. Preferably, the tricyclic antidepressant is 
clomipramine. 

5 

Although certain of the compositions, methods of treatment, inhalers, blisters, 
methods for inhaling, and doses have been described above as including a carrier 
material having a preferred average particle size of from about 40pm to about 70pm, 
it should be appreciated that in accordance with other embodiments, the carrier 
10 material in these compositions, methods or treatment, inhalers, blisters, methods for 
inhaling, and doses can have other average particle size ranges, for example, from 
about 5|xm to about lOOOum, from about lOfxm to about 70fim, from about or from 
about 20fim to about 30jxm. 

15 The present invention provides a number of significant advantages over the prior 
art. In particular, the present invention provides high performance pulmonary 
delivery of tricyclic antidepressants, enabling them to be used for reliable, 
convenient and efficient treatment of premature ejaculation. This high performance 
should enable rapid peak blood levels to be achieved and provide rapid clinical 

20 onset of the therapeutic effect. The effect of the pulmonary a dmini stration of a 
tricyclic antidepressant provided by the present invention is consistent and 
reproducible and this consistency of the high performance administration leads to a 
reduction in the side effects normally associated with the a dmini stration of such 
agents. The consistent high performance also requires a lower total dose compared 

25 to that which would be required if other routes of a dmini stration were used. 

In addition, the present invention also provides a shorter duration of effect 
following pulmonary administration, which is expected to further reduce the adverse 
side effects experienced by the subject. 

30 

Brief Description of the Drawings 

Figure 1 shows schematically a preferred inhaler that can be used to deliver the 
powder formulations accor din g to the present invention. 
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Figure 2 shows an asymmetric vortex chamber which may be used in an inhaler 
device used to dispense the powder formulations of the present invention. 
Figure 3 shows a sectional view of an alternative form of vortex chamber from an 
asymmetric inhaler. 

5 

Detailed Description of the Preferred Emb ^itngnts 

The inhalable formulations in accordance with the present invention are preferably 
administered via a dry powder inhaler (DPI), but can also be administered via a 
pressurized metered dose inhaler (pMDI), or even via a nebulised system. 

10 

Dry Powder Inhaler Formulations 

It is known to administer pharmaceutical^ active agents to a patient by pulmonary 
administration of a particulate medicament composition which includes the active 
agent in the form of fine, dry particles (active particles). The size of the active 

15 particles is of great importance in determining tjie site of absorption of the active 
agent in the lung. In order for the particles be carried deep into the lungs, the 
particles must be very fine, for example having a mass median aerodynamic 
diameter (MMAD) of less than lOjxm. Particles, having aerodynamic diameters 
greater than about 10|jm are likely to impact the walls of the throat and generally do 

20 not reach the lung. Particles having aerodynamic diameters in the range of about 

5jim to about 2pm will generally be deposited in the respiratory bronchioles whereas 
smaller particles having aerodynamic diameters in the range of about 3 to about 
0.05pm are likely to be deposited in the alveoli. 

25 In one embodiment of the present invention, the composition comprises active 

particles comprising a tricyclic antidepressant, the active particles having an MMAD 
of no more than about 10pm. In another embodiment, the active particles have an 
MMAD of from about 5pm to about 2pm. In yet another embodiment, the active 
particles have aerodynamic diameters in the range of about 3 to about 0.05pm. In 

30 one embodiment of the invention, at least 90% of the active particles have a particle 
size of 5pm or less. 
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Particles having a diameter of less than about lO^utn are, however, 
thermodynamically unstable due to their high surface area to volume ratio, which 
provides significant excess surface free energy and encourages particles to 
agglomerate. In the inhaler, agglomeration of small particles and adherence of 
5 particles to the walls of the inhaler are problems that result in the active particles 
leaving the inhaler as large agglomerates or being unable to leave the inhaler and 
remaining adhered to the interior of the device, or even clogging or blocking the 
inhaler. 

The uncertainty as to the extent of formation of stable, agglomerates of the particles 
between each actuation of the inhaler, and also between different inhalers and 
different batches of particles, leads to poor dose reproducibility. Furthermore, the 
formation of agglomerates means that the MMAD of the active particles can be 
vastly increased, with agglomerates of the active particles not reaching the required 
part of the lung. Consequently, it is an aim of the present invention to provide a 
powder formulation which provides good reproducibility and therefore accurate and 
predictable dosing. 

The metered dose (MP) of a dry powder formulation is the total mass of active 
20 agent present in the metered form presented by the inhaler device in question. For 
example, the MD might be the mass of active agent present in a capsule for a 
Cyclohaler (trade mark), or in a foil blister in an Aspirair (trade mark) device. 

The emitted dose (ED) is the total mass of the active agent emitted from the device 
25 following actuation. It does not include the material left inside or on the surfaces 
of the device. The ED is measured by collecting the total emitted mass from the 
device in an apparatus frequently referred to as a dose uniformity sampling 
apparatus (DUSA), and recovering this by a validated quantitative wet chemical 
assay. 

30 

The fine particle dose (FPD) is the total mass of active agent which is emitted from 
the device following actuation which is present in an aerodynamic particle size 
smaller than a defined limit. Where the term fine particle dose or FPD is used 
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herein, the aerodynamic particle size is smaller than 5|xm. The FPD is measured 
using an impactor or impinger, such as a twin stage impinger (TSI), multi-stage 
liquid impinger (MSLI), Andersen Cascade Impactor or a Next Generation Impactor 
(NGI). Each impactor or impinger has a pre-determined aerodynamic particle size 
5 collection cut point for each stage. The FPD value is obtained by interpretation of 
the stage-by-stage active agent recovery quantified by a validated quantitative wet 
. chemical assay where either a simple stage cut is used to determine FPD or a more 
complex mathematical interpolation of the stage-by-stage deposition is used. 

10 The fine particle fraction (FPF) is normally defined as the FPD divided by the ED 
and expressed as a percentage. Herein, the term percent fine particle dose (%FPD) 
is used to mean the percentage of the total metered dose which is delivered with a 
diameter of not more than 5|nm (i.e., %FPD = 100*FPD/total metered dose). 

15 The term "ultrafine particle dose" (UFPD) is used herein to mean the total mass of 
active material delivered by a device which has a diameter of not more than 3(om. 
The term "ultrafine particle fraction" is used herein to mean the percentage of the 
total amount of active material delivered by a device which has a diameter of not 
more than 3nm. The term petcent ultrafine particle dose (%UFPD) is used herein 

20 to mean the percentage of the total metered dose which is delivered with a diameter 
of not more than 3fxm (i.e., %UFPD = 100*UFPD/ total metered dose). 

The terms "delivered dose" and "emitted dose" or "ED" are used interchangeably 
herein. These are measured as set out in the current EP monograph for inhalation 
25 products. 

"Actuation of an inhaler" refers to the process during which a dose of the powder is 
removed from its rest position in the inhaler. That step takes place after the powder 
has been loaded into the inhaler ready for use. 

30 

The tendency of fine particles to agglomerate means that the FPF of a given dose 
can be highly unpredictable and a variable proportion of the fine particles will be 
administered to the lung, or to the correct part of the lung, as a result. This is 
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observed, for example, in formulations comprising pure drug in fine particle form. 
Such formulations exhibit poor flow properties and poor FPF. 

In an attempt to improve this situation and to provide a consistent FPF and FPD, 
5 dry powder formulations often include additive material. 

The additive material is intended to reduce the cohesion between particles in the dry 
powder formulation. It is thought that the additive material interferes with the weak 
bonding forces between the small particles, helping to keep the particles separated 

10 and reducing the adhesion of such particles to one another, to other particles in the ... 
formulation if present and to the internal surfaces of the inhaler device. Where 
agglomerates of particles are formed, the addition of particles of additive material 
decreases the stability of those agglomerates so that they are more likely to break up 
in the turbulent air stream created on actuation of the inhaler device, whereupon the 

15 particles are expelled from the device and inhaled. As the agglomerates break up, 
the active particles may return to the form of small individual particles or 
agglomerates of small numbers of particles which are capable of reaching the lower 
lung. 

20 In the prior art, dry powder formulations are discussed which include distinct 
particles of additive material (generally of a size comparable to that of the fine 
active particles). In some embodiments, the additive material may form a coating, 
generally a discontinuous coating, on the active particles and/ or on any carrier 
particles. 

25 

Preferably, the additive material is an anti-adherent material and it will tend to 
reduce the cohesion between particles and will also prevent fine particles becoming 
attached to surfaces within the inhaler device. Advantageously, the additive material 
is an anti-friction agent or glidant and will give the powder formulation better flow 
30 properties in the inhaler. The additive materials used in this way may not 

necessarily be usually referred to as anti-adherents or anti-friction agents, but they 
will have the effect of decreasing the cohesion between the particles or improving 
the flow of the powder. The additive materials are sometimes referred to as force 
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control agents (FCAs) and they usually lead to better dose reproducibility and 
higher FPFs. 

Therefore, an additive material or FCA, as used herein, is a material whose presence 
on the surface of a particle can modify the adhesive and cohesive surface forces 
experienced by that particle, in the presence of other particles and in relation to the 
surfaces that the particles are exposed to. In general, its function is to reduce both 
the adhesive and cohesive forces. 

The reduced tendency of the particles to bond strongly, either "to each other or to 
the device itself, not only reduces powder cohesion and adhesion, but can also 
promote better flow characteristics. This leads to improvements in the dose 
reproducibility because it reduces the variation in the amount of powder metered 
out for each dose and improves the release of the powder from the device. It also 
increases the likelihood that the active material, which does leave the device, will 
reach the lower lung of the patient. 

It is favourable for unstable agglomerates of particles to be present in the powder 
when it is in the inhaler device. As indicated above, for a powder to leave an inhaler 
device efficiently and reproducibly, the particles of such a powder should be large, 
preferably larger than about 40jim. Such a powder may be in the form of either 
individual particles having a size of about 40jxm or larger and/ or agglomerates of 
finer particles, the agglomerates having a size of about 40 jam. or larger. The 
agglomerates formed can have a size of as much as about 1000pm and, with the 
addition of the additive material, those agglomerates are more likely to be broken 
down efficiently in the turbulent airstream created on inhalation. Therefore, the 
formation of unstable or ".soft" agglomerates of particles in the powder may be 
favoured compared with a powder in which there is substantially no agglomeration. 
Such unstable agglomerates are stable whilst the powder is inside the device but are 
then disrupted and broken up when the powder is dispensed. 

The reduction in the cohesion and adhesion between the active particles can lead to 
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equivalent performance with reduced agglomerate size, or even with individual 
particles. " ■ 

Thus, in another embodiment of the present invention, the composition comprises 
active particles and an additive material. The additive material may be in the form 
of particles which tend to adhere to the surfaces of the active particles, as disclosed 
in WO 97/03649. Alternatively, the additive material may be coated on the surface 
of the active particles by, for example a co- miltin g method as disclosed in WO 
02/43701. 

In cer tain embodiments of the present invention, the formulation is a "carrier free" 
formulation, which includes only the tricyclic antidepressant and one or more 
additive materials. Such carrier free formulations are described in WO 97/03649, 
the entire disclosure of which is hereby incorporated by reference. 

The powder includes at least 60% by weight of the tricyclic antidepressant, based on. 
the weight of the powder. Advantageously, the powder comprises at least 70%, 
more preferably at least 80% by weight of the tricyclic antidepressant. Most 
advantageously, the powder comprises at least 90%, more preferably at least 95%, 
more preferably at least 97%, by weight of the tricyclic antidepressant, based on the 
weight of the powder. 

It is believed that there are physiological benefits in introducing as little powder as 
possible to the lungs, in particular material other than the active ingredient to be 
administered to the patient. Therefore, the quantities in which the additive material 
is added are preferably as small as possible. The most preferred powder, therefore, 
would comprise more than 99% by weight of the tricyclic antidepressant. 

Advantageously, in these "carrier free" formulations, at least 90% by weight of the 
particles of the powder have a particle size less than 63um, preferably less than 
30um and more preferably less than lOum. As indicated above, the size of the active 
particles of the powder should be within the range of from about 0.1 ^m to about 
5um for effective delivery to the lower lung. Where the additive material is in 
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particulate form, it may be advantageous for these additive particles to have a size 
outside the preferred range for delivery to the lower lung. 

It is particularly advantageous for the additive material to comprise an amino acid. 

5 Amino acids have been found to give, when present as additive material, high 
respirable fraction of the active material and also good flow properties of the 
powder. A preferred amino acid is leucine, in particular L-leucine. Although the In- 
form of the amino acids is generally preferred, the D- and DL-forms may also be 
used. The additive material may comprise one or more of any of the following 

10 amino acids: leucine^ isoleucine, lysine, valine, methionine, cysteine, and 

phenylalanine. Advantageously, the powder includes at least 80%, preferably at least 
90% by weight of the active agent, based on the weight of the powder. 
Advantageously, the powder includes not more than 8%, more advantageously not 
more than 5% by weight of additive material based on the weight of the powder. As 

15 indicated above, in some cases it will be advantageous for the powder to contain 
about 1% by weight of additive material. 

In an alternative embodiment, the additive material includes magnesium stearate or 
colloidal silicon dioxide. 

20 

The additive material or FCA may be provided in an amount from about 0.1% to 
about 10% by weight, and preferably from about 0.15% to 5%, most preferably 
from about 0.5% to about 2%. In the context of the present invention, suitable 
additive materials include, but are not limited to, anti-adherent materials. Additive 
25 materials may include, for example, magnesium stearate, leucine, lecithin, and 

sodium stearyl fomarate, and are described more folly in WO 96/23485, which is 
hereby incorporated by reference. 

When the additive material is micronised leucine or lecithin, it is preferably 
30 provided in an amount from about 0.1% to about 10% by weight. Preferably, the 
additive material comprises from about 3% to about 7%, preferably about 5%, of 
micronised leucine. Preferably, at least 95% by weight of the micronised leucine has 
a particle diameter of less than 150pm, preferably less than lOOjxm, and most 
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preferably less than 50|om. Preferably, the mass median diameter of the micronised 
leucine is less than 10|Am. 

If magnesium stearate or sodium stearyl fumarate is used as the additive material, it 
5 is preferably provided in an amount from about 0.05% to about 10%, from about 
0.15% to about 5%, from about 0.25% to about 2%, or from about 0.15% to about 
0.5%. 

In a further attempt to improve extraction of the dry powder from the dispensing 
10 device and to provide a consistent FPF and FPD, dry powder formulations often 
include coarse carrier particles of excipient material mixed with fine particles of 
active material. Rather than sticking to one another, the fine active particles tend to 
adhere to the surfaces of the coarse carrier particles whilst in the inhaler device, but 
are supposed to release and become dispersed upon actuation of the dispensing 
15 device and inhalation into the respiratory tract, to give a fine suspension. The 
carrier particles preferably have MMADs greater than about 90^m. 

The inclusion of coarse carrier particles is also very attractive where very small 
doses of active agent are dispensed. It is very difficult to accurately and 
20 reproducibly dispense very small quantities of powder and small variations in the 
amount of powder dispensed will mean large variations in the dose of active agent 
where only very small amounts of the powder is dispensed and the powder 
comprises mainly active particles. Therefore, the addition of a diluent, in the form 
of large excipient particles will make dosing more reproducible and accurate. 

25 

Carrier particles may be of any acceptable inert excipient material or combination of 
materials. For example, the carrier particles may be composed of one or more 
materials selected from sugar alcohols, polyols and crystalline sugars. Other suitable 
carriers include inorganic salts such as sodium chloride and calcium carbonate, 
30 organic salts such as sodium lactate and other organic compounds such as 

polysaccharides and oligosaccharides. Advantageously, the carrier particles comprise 
a polyol. In particular, the carrier particles may be particles of crystalline sugar, for 
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example mannitol, dextrose or lactose. Preferably, the carrier particles are composed 
of lactose. 

However, a further difficulty which may be encountered when adding coarse carrier 
particles to a composition of fine active particles is ensuring that the fine particles 
detach from the surface of the relatively large carrier particles upon actuation of the 
delivery device. 

The step of dispersing the active particles from other active particles and from 
carrier particles, if present, to form an aerosol of fine active particles for inhalation 
is significant in determining the proportion of the dose of active material which 
reaches the desired site of absorption in the lungs. In order to improve the 
efficiency of that dispersal it is known to include in the composition additive 
materials of the nature discussed above. Compositions comprising fine active 
15 particles carrier particles and additive materials are disclosed in WO 96/23485. 

Thus, in one embodiment of the present invention, the composition comprises 
active particles and carrier particles. The carrier particles may have an average 
particle size of from about 5 to about lOOOum, from about 4 to about 40um, from 
20 about 60 to about 200um, or from 150 to about 1000pm. Other useful average 

particle sizes for carrier particles are about 20 to about 30um or from about 40 to 
about 70pm. 

The composition comprising a tricyclic antidepressant and carrier particles may 
25 further include additive material. The additive material may be in the form of 

particles which tend to adhere to the surfaces of the active particles, as disclosed in 
WO 97 /03649. Alternatively, the additive material may be coated on the surface of 
the active particles by, for example a co-milling method as disclosed in WO 
02/43701 or on .the surfaces of the carrier particles, as disclosed in WO 02/00197. 
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In a dry powder inhaler, the dose to be administered is stored in the form of a non- 
pressurized dry powder and, on actuation of the inhaler, the particles of the powder 
are inhaled by the patient. Dry powder inhalers can be "passive" devices in which 
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the patient's breath is the only source of gas which provides a motive force in the 
device. Examples of "passive" dry powder inhaler devices include the Rotahaler and 
Diskhaler (GkxoSmithKline) and the Turbohaler (Astra^Draco) and Novolizer 
(trade mark) (Viatris GmbH). Alternatively, "active" devices may be used, in which 
5 a source of compressed gas or alternative energy source is used. Examples of 

suitable active devices include Aspirair (trade mark) (Vectura Ltd) and the active 
inhaler device produced by Nektar Therapeutics (as covered by US Patent No. 
6,257,233). 

10 Particularly preferred "active" dry powder inhalers are referred to herein as Aspirair 
inhalers and are described in more detail in WO 01/00262, WO 02/07805, WO 
02/89880 and WO 02/89881, the contents of which are hereby incorporated by 
reference. It should be appreciated, however, that the compositions of the present 
invention can be administered with either passive or active inhaler devices. 
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Figure 1 shows schematically a preferred inhaler that can be used to deliver the 
powder formulations described above to a patient. Inhalers of this type are 
described in detail in WO 02/089880 and WO 02/089881. 

20 Referring to Figures 1 and 2, the inhaler comprises a vortex nozzle 1 1 including a 
vortex chamber 12 and having an exit port and an inlet port for generating an 
aerosol of the powder formulation. The vortex chamber is located in a mouthpiece 
13 through which the user inhales to use the inhaler. Air passages (not shown) may 
be defined between the vortex chamber and the mouthpiece so that the user is able 

25 to inhale air in addition to the powdered medicament. 

The powder formulation is stored in a blister 14 defined by a support and a 
pierceable foil lid. A blister holder 15 holds the blister in place. As shown, the 
support has a cavity formed therein for holding the powder formulation. The open 
30 end of the cavity is sealed by the lid. An air inlet conduit of the vortex chamber 

terminates in a piercing head 16 which pierces the pierceable foil lid. A reservoir 17 
is connected to the blister via a passage. An air supply, preferably a manually 
operated pump or a canister of pressurized gas or propellant, charges the reservoir 
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with a gas (e.g., air, in this example) to a predetermined pressure (e.g. 1.5 bar). In a 
preferred embo dim ent the reservoir comprises a piston received in a cylinder 
defining a reservoir chamber. The piston is pushed into the cylinder to reduce the 
volume of the chamber and pressurize the charge of gas. 

5 

When the user inhales, a valve 18 is opened by a breath-actuated mechanism 19, 
forcing air from the pressurized air reservoir through the blister where the 
powdered formulation is entrained in the air flow. The air flow transports the 
powder formulation to the vortex chamber 12, where a rotating vortex of powder 

10 formulation and air is created between the inlet port and the outlet port. Rather 
than passing through the vortex chamber in a continuous manner, the powdered 
formulation entrained in the airflow enters the vortex chamber in a very short time 
(typically less than 0.3 seconds and preferably less than 20 milliseconds) and, in the 
case of a pure drug formulation (i.e., no carrier), a portion of the powder 

15 formulation sticks to the walls of the vortex chamber. This powder is subsequently 
aerosolized by the high shear forces present in the boundary layer adjacent to the 
powder. The action of the vortex deagglomerates the particles of powder 
formulation, or in the case of a formulation comprising a drug and a carrier, strips 
the drug from the carrier, so that an aerosol of powdered formulation exits the 

20 vortex chamber via the exit port. The aerosol is inhaled by the user through the 
mouthpiece. 

The vortex chamber can be considered to perform two functions: deagglomeration, 
the breaking up of clusters of particles into individual, respirable particles; and 

25 filtration, preferentially allowing particles below a certain size to escape more easily 
from the exit port. Deagglomeration breaks up cohesive clusters of powdered 
formulation into respirable particles, and filtration increases the residence time of 
the clusters in the vortex chamber to allow more time for them to be 
deagglomerated. Deagglomeration can be achieved by turbulence and by creating 

30 high shear forces due to velocity gradients in the airflow in the vortex chamber. 
The velocity gradients are highest in the boundary layer close to the walls of the 
vortex chamber. 
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The vortex' chamber is in the form of a substantially cylindrical chamber. 
Advantageously, the vortex chamber has an asymmetric shape. In the embodiment 
shown in Figures 2 and 3, the wall 8 of the vortex chamber is in the form of a spiral 
or scroll. The inlet port 3 is substantially tangential to the perimeter of the vortex 
chamber 1 and the exit port 2 is generally concentric with the axis of the vortex 
chamber 1. Thus, gas enters the vortex chamber 1 tangentially via the inlet port 3 
and exits axially via the exit port 2. The radius R of the vortex chamber 1 measured 
from the center of the exit port 2 decreases smoothly from a maximum radius 
at the inlet port to a minimu m radius R^. Thus, the radius R at an angle 6 (theta) 
from the position of the inlet port 3 is given by R=R m «C l -0k/2pi), where k=(R m «- 
R™) /Rm«- The effective radius of the vortex chamber 1 decreases as the air flow 
and entrained particles of medicament circulate around the chamber. In this way, 
the effective cross- sectional area of the vortex chamber 1 experienced by the air 
flow decreases, so that the air flow is accelerated and there is reduced deposition of 
15 the entrained particles of medicament. In addition, when the flow of air has gone 
through 2pi radians (360°), the air flow is parallel to the incoming airflow through 
the inlet port 3, so that there is a reduction in the turbulence caused by the colliding 
flows which helps reduce fluid losses in the vortex. 
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Between the inlet port 3 and the exit port 2 a vortex is created in which shear forces 
are generated to deagglomerate the particles of the powdered formulation. The 
length of the exit port 2 is preferably as short as possible to reduce the possibility of 
deposition of the drug on the walls of the exit port. Figure 3 shows the general 
form of the vortex chamber of the inhaler of Figure 2. The geometry of the vortex 
25 chamber is defined by the dimensions listed in the table below. The preferred 

values of these dimension are also listed in the table. It should be noted that the 
preferred value of the height h of the conical part of the chamber is 0 mm, because 
it has been found that the vortex chamber functions most effectively when the top 
(roof) of the chamber is flat. 
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Dimension 


Preferred 
Value 




Maximum radius of chamber 


2.8mm 
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Minimum radius of chamber 


2.0mm 




Maximum height of chamber 


1.6mm 


h | 


Height of conical part of chamber 


0.0mm 


D c 


Diameter of exit port 


0.7mm 


t 


Length of exit port 


0.3mm 


a 


Height of inlet port 


1.1mm 


b 


Width of inlet port 


0.5mm 


a 


Taper angle of inlet conduit 


9°, then 2° 



The ratio of the diameter of the chamber 1 to the diameter of the exit port 2 has a 
strong influence on the aerosolizing performance of the nozzle. For the asymmetric 
nozzle of Figure 2, the diameter is defined as (R^+R™ J- The ratio is between 4 
5 and 12 and preferably between 6 and 8. In the preferred embodiment of Figures 2 
and 3, the ratio is 6.9. 

In the embodiment shown, the vortex chamber is machined from 
polyetheretherketone (PEEK), acrylic, or brass, although a wide range of alternative 
10 materials is possible. Advantageously for high volume manufacture the vortex 

chamber is injection moulded from a polymer. Suitable materials include but are 
not limited to polycarbonate, acrylonitrile butadiene styrene (ABS), polyamides, 
polystyrenes, polybutylene terphthalate (PUT) and polyolefins including 
polypropylene and polyethylene terephthalate (PET). 

15 

The inhaler in accordance with embodiments of the invention is able to generate a 
relatively slow moving aerosol with a high fine particle fraction. The inhaler is 
capable of providing complete and repeatable aerosolisation of a measured dose of 
powdered drug and of delivering the aerosolised dose into the patient's inspiratory 
20 flow at a velocity less than or substantially equal to the velocity of the inspiratory 
flow, thereby reducing deposition by impaction in the patient's mouth. 
Rurthermore, the efficient aerosolising system allows for a simple, small and low 
cost device, because the energy used to create the aerosol is small. The fluid energy 
required to create the aerosol can be defined as the integral over time of the 
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pressure multiplied by the flow rate. This is typically less than 5 joules and can be 
as low as 3 joules. 

In certain embodiments of the present invention, the powder composition is such 
5 that a fine particle fraction of at least 35% is generated on actuation of the inhaler 
device. It is particularly preferred that the fine particle fraction be greater than or 
equal to 45%, 50% or 60%. Preferably, the fine particle fraction is at least 70%, and 
most preferably at least 80%. In one embodiment, this powder comprises a tricyclic 
antidepressant in combination with a carrier material. 
10 .. . 

Most preferably, the inhaler device used to dispense the powder composition is an 
active inhaler device, the arrangement being such that a fine particle fraction of at 
least 35%, preferably at least 50%, even more preferably at least 60%, even more 
preferably at least 70%, and most preferably at least 80% is generated on actuation 
15 of the inhaler device. As an active device does not depend on the patient's 

inhalation for aerosolising the dose, the delivery of the dose is more repeatable than' 
is observed using passive inhaler devices. 

In accordance with another embodiment of the present invention, the dose -of active 
20 agent is defined in terms of the fine particle dose of the administered dose. The 

percentage of the tricyclic antidepressant in the dose which will reach the lung (the 
%FPD) is dependent on the formulation used and on the inhaler used. As such, a 
lOOOfxg dose of the tricyclic antidepressant, for example clomipramine, will deliver 
350ng of clomipr amin e to the lung of a patient if a %FPD of 35% is achieved, 
25 whilst the same dose will deliver 600ng of clomipramine to the lung of a patient if a 
%FPD of 60% is achieved, or 700fig if the %FPD is 70%, as anticipated in the 
present invention. As such, it is appropriate to define the dose of tricyclic 
antidepressant in terms of the FPD of the formulation and inhaler used, as 
measured by a Multistage Liquid Impinger or an Anderson Cascade Impactor. 

30 

As such, in accordance with another embodiment of the present invention, a 
method for treating premature ejaculation, via inhalation is provided which 
comprises inhaling a dose of a powder composition into the lungs of a patient, the 
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dose of the powder composition delivering, in vitro, a fine particle dose of a fine 
particle dose of from about 2mg to about 20|xg of a tricyclic antidepressant, when 
measured by a Multistage Liquid Impinger, United States Pharmacopoeia 26, 
Chapter 601, Apparatus 4 (2003), an Andersen Cascade Impactor or a New 
5 Generation Impactor. 

The dose of active agent, defined in the manner above in connection with the 
Multistage Liquid Impinger, can similarly be used in connection with the blisters, 
inhalers, and compositions described herein. 

10 ... 

In addition to the fine particle fraction, another parameter of interest is the ultrafine 
particle fraction defined above. Although particles having a diameter of less than 
5 jim (corresponding to the FPF) are suitable for local delivery to the lungs, it is 
believed that for systemic delivery, even finer particles are needed, because the drug 

15 must reach the alveoli to be absorbed into the bloodstream. As such, it is 

particularly preferred that the formulations and devices in accordance with the 
present invention be sufficient to provide an ultrafine particle fraction of at least 
about 50%, more preferably at least about 60% and most preferably at least about 
70%. 

20 

Preferably, at least 90% by weight of the active material has a particle size of not 
more than 10pm, most preferably not more than 5jnm. The particles therefore give a 
good suspension on actuation of the inhaler. 

25 According to an embodiment of the present invention, an active inhaler device may 
be used to dispense the dry powder formulations, in order to ensure that the best 
fine particle fraction and fine particle dose is achieved and, very importantly, that 
thi s is achieved consistently. Preferably, the inhaler device includes a breath 
triggering means such that the delivery of the dose is triggered by the onset of the 

30 patient's inhalation. This means that the patient does not need to coordinate their 
inhalation with the actuation of the inhaler device and that the dose can be 
delivered at the op timum point in the inspiratory flow. Such devices are commonly 
referred to as "breath actuated". 
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In embodiments of the present invention which utilize conventional inhalers, such 
as the Rotohaler and Diskhaler described above, the particle size of the carrier 
particles may range from about 10 to about lOOOnm. In certain of these 
5 embodiments, the particle size of the carrier particles may range from about 20pm 
to about 120pm. In certain other ones of these embodiments, the size of at least 
90% by weight of the carrier particles is less than 1000pm and preferably lies 
between 60pm and 1000pm. The relatively large size of these carrier particles gives 
good flow and entrapment characteristics. 

10 

In these embodiments, the powder may also contain fine particles of an excipient 
material, which may for example be a material such as one of those mentioned 
above as being suitable for use as a carrier material, especially a crystalline sugar 
such as dextrose or lactose. The fine excipient material may be of the same or a 
15 different material feom the carrier particles, where both are present. The particle 
size of the fine excipient material will generally not exceed 30pm, and preferably 
does not exceed 20pm. 

The powders may also be formulated with additional excipients to aid delivery and 
20 release. For example, as discussed above, powder compositions may be formulated 
with relatively large carrier particles; for example those having a mass median 
aerodynamic diameter of greater than 90pm, which aid the flow properties of the 
powder. Alternatively, hydrophobic microparticles may be dispersed within a 
carrier material. For example, the hydrophobic microparticles may be dispersed 
25 within a polysaccharide or polymeric matrix, with the overall composition 

formulated as microparticles for direct delivery to the lung. The polysaccharide or 
polymer acts as a further barrier to the immediate release of the active agent. This 
may further aid the controlled release process. An example of a suitable 
polysaccharide is xanthan gum, whilst suitable polymeric materials include polylactic 
30 acid, polyglycolic acid, and the like. Preferred hydrophobic materials include solid 
state fatty acids such as oleic acid, lauric acid, palmitic acid, stearic acid, erucic acid, 
behenic acid, or derivatives (such as esters and salts) thereof. Specific examples of 
such materials include phosphatidylcholines, phosphatidylglycerols and other 
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examples of natural and synthetic lung surfactants. Particularly preferred materials 
include metal stearates, in particular magnesium stearate, which has been approved 
for delivery via the lung. 

Large carrier particles are particularly useful when they are included in compositions 
which are to be dispensed using a passive inhaler device, such as the Diskhaler and 
Rotahaler devices discussed above. These devices do not create high turbulence 
within the device upon actuation and so the presence of the carrier particles is 
beneficial as they have a beneficial effect on the flow properties of the powder, 
making it easier to extract the powder from the blister or capsule within which it is 
stored. 



In some circumstances, the powder for inhalation may be prepared by mixing the 
components of the powder together. For example, the powder may be prepared by 
15 mixin g together particles of active material and lactose. 

In embo dim ents of the present invention which utilize an active inhaler, for 
example an Aspirair inhaler as described above, the carrier particles are preferably 
between 5 and lOOum, and may be between 40 and 70um in diameter or between 20 
20 and 30um in diameter. The desired particle size can be achieved for example, by 

sieving the excipient. For a desired particle size range of between 40 and 70^un, the 
materia] may be sieved through screens of 45um and 63um, thereby excluding 
particles that pass through the 45um screen, and excluding particles that do not pass 
through the 63um screen. Most preferably, the excipient is lactose. 



Preferably, at least 90%, and most preferably at least 99%, of the active particles are 
5um or less in diameter. As detailed below, such a formulation, when administered 
via the preferred active inhalers, can provide a fine particle fraction in excess of 
about 80%, and an ultrafine particle fraction in excess of about 70%. 

In such formulations where the dispensing device creates high turbulence within the 
device upon actuation, the powder does not need to include large carrier particles to 
enhance the flow properties of the powder. The device is capable. of extracting 
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powders even if they have poor flow properties and so the diluent material used in 
such formulations can have a smaller particle size. In one embodiment, the 
particles of excipient material may even be lOpim in diameter or less. 

5 The dry powder inhaler devices in which the powder compositions of the present 
invention will commonly be used include "single dose" devices, for example the 
Rotahaler (trade mark) and the Spinhaler (trade mark) in which individual doses of 
the powder composition are introduced into the device in, for example, single dose 
capsules or blisters, and also multiple dose devices, for example the Turbohaler 

10 (trade mark) in which, on actuation of the inhaler, one dose of the powder is 
removed from a reservoir of the powder material contained in the device. 

As already mentioned, in the case of certain powders, an active inhaler device offers 
advantages in that a higher fine particle fraction and a more consistent dose to dose 
15 repeatability will be obtainable than if other forms of device were used. Such 

devices include, for example, the Aspirair (trade mark) or the Nektar Therapeutics 
active inhaler device, and may be breath actuated devices of the kind in which 
generatioh of an aerosolised cloud of powder is triggered by inhalation of the 
patient. 

20 

Where present, the amount of carrier particles may be up to 99%, up to 95%, up to 
90%, up to 80% or up to 50% by weight based on the total weight of the powder. 
The amount of any fine excipient material, if present, may be up to 50% and 
advantageously up to 30%, especially up to 20%, by weight, based on the total 
25 weight of the powder. 

Where reference is made to particle size of particles of the powder, it is to be 
understood, unless indicated to the contrary, that the particle size is the volume 
weighted particle size. The particle size may be calculated by a laser diffraction 
30 method. Where the particle also includes an additive material on the surface of the 
particle, advantageously the particle size of the coated particles is also within the 
preferred size ranges indicated for the uncoated particles. 
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While it is clearly desirable for as large a proportion as possible of the particles of 
active material to be delivered to the deep lung, it is usually preferable for as little as 
possible of the other components to penetrate the deep lung. Therefore, powders 
generally include particles of an active material, and carrier particles for carrying the 
5 particles of active material. 

As described in WO 01/82906, an additive material may also be provided in a dose 
which indicates to the patient that the dose has been administered. The additive 
material, referred to below as indicator material, may be present in the powder as 
10 formulated for the dry powder inhaler, or be present in a separate form, such as in a 
separate location wi thin the inhaler such that the additive becomes entrained in the 
airflow generated on inhalation simultaneously or sequentially with the powder 
containing the active material. 

15 In some circumstances, for example, where any carrier particles and/ or any fine 
excipient material present is of a material itself capable of inducing a sensation in 
the oropharyngeal region, the carrier particles and/or the fine excipient material can 
constitute the indicator material. For example, the carrier particles and/ or any fine 
particle excipient may comprise mannitol. Another suitable indicator material is 

20 menthol. 

In certain embo dim ents of the present invention, each dose is stored in a foil 
"blister" of a blister pack. In accordance with the embodiments of the present 
invention which u tiliz e foil blisters, exposure of the formulation to air prior to 

25 administration is reduced or prevented by storing each dose in a sealed foil blister. 
In some circumstances, it may be desirable to further protect the formulation by 
placing a plurality of blisters into a further sealed container, such as a sealed bag 
made, for example of a foil such as aluminium foil. Further mechanical protection 
may also be desirable, to protect the sealed blisters from damage during storage and 

30 transportation, etc. The use of the sealed foil blisters (and optional sealed bags 

and/ or other protective packaging) eliminates any need to include anti-oxidants or 
the like in the formulation. 
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The blisters which may be used in the present invention consist of a base and a lid. 
Preferably, the base material is a laminate comprising a polymer layer in contact 
with the drug, a soft tempered aluminium layer and an external polymer layer. The 
aluminium provides the moisture and oxygen barrier, whilst the polymer provides a 

5 relatively inert layer in contact with the drug. Soft tempered aluminium is ductile so 
that it can be "cold formed" into a blister shape. It is typically 45-47ym thick. The 
outer polymer layer provides additional strength to the laminate. The lid material is 
a lamin ate comprising a heat seal lacquer, a hard rolled al uminium layer (typically 
20-30^un thick) and an external polymer layer. The heat seal lacquer bonds to the 

10 polymer layer of the base foil laminate during heat sealing. The aluminium layer is 
hard rolled to facilitate piercing. Materials for the polymer layer in contact with the 
drug include polyvinyl chloride (PVC), polypropylene (PP) and polyethylene (PE). 
The external polymer layer on the base foil is typically oriented polyamide (oPA). 

15 Pressurized Metered Dose Inhaler Fo rmulations 

Pressurized metered dose inhalers (pMDI) typically have two components: a 
canister component in which the drug particles, in this case a tricyclic 
antidepressant, are stored under pressure in a suspension or solution form and a 
receptacle component used to hold and actuate the canister. Typically, a canister will 

20 contain multiple doses of the formulation, although it is possible to have single dose 
canisters as well. The canister component typically includes a valved outlet from 
which the contents of the canister can be discharged. Aerosol medication is 
dispensed from the pMDI by applying a force on the canister component to push it 
into the receptacle component thereby opening the valved outlet and causing the 

25 medication to be conveyed from the valved oudet through the receptacle 

component and discharged from an outlet of the receptacle component. Upon 
discharge from the canister, the medication is "atomised", forming an aerosol. 

It is intended that the patient coordinate the discharge of aerosolised medication 
30 with his inhalation so that the medication particles are entrained in the patient's 
inspiratory flow and conveyed to the lungs. 
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Typically, pMDIs use propellants to pressurize the contents of the canister and to 
propel the medication out of the outlet of the receptacle component. In pMDI 
inhalers, the formulation is provided in liquid form, and resides within the container 
along with the propellant. The propellant can take a variety of forms. For example, 
5 the propellant can comprise a compressed gas or a liquefied gas. Suitable 

propellants include CFC (chlorofluorbcarbon) propellants such as CFC 11 and CFC 
12, as well as HFA (hydrofluoroalkane) propellants such as HFA134a and HFA227. 
One or more propellants may be used in a given formulation. 

10 In order to better coordinate actuation of- the inhaler with inhalation, a breath 

actuated valve system may be used. Such systems are available, for example, from 
Baker Norton and 3M. To use such a device, the patient "primes" the device, and 
then the dose is automatically fibred when the patient inhales. 

15 In certain embo dim ents, the pMDI formulation is either a "suspension" type 
formulation or a "solution" type formulation, each using a liquefied gas as the 
propellant. It is believed that the in vivo affect of pMDI formulations will be similar 
to those of the DPI formulations described above, in terms of time to therapeutic 
effect and duration of therapeutic effect. 

20 

Solution pMDI 

Of pMDI technologies, solution pMDIs are believed to be the most appropriate for 
systemic lung delivery as they offer the finest mist, and can be more easily optimised 
through modifications to the device. Recently developed valves (e.g. those available 
25 from Bespak) also offer payload increases over current systems, meaning that larger 
systemic doses can potentially be delivered in solution pMDIs than in suspension 
type pMDIs. 

Solution pMDI techniques can be used to prepare formulations for delivery of a 
30 tricyclic antidepressant with HFA propellants. 

Sus pension pMDI 



-32- 



Suspension pMDIs can also be used to deliver a tricyclic antidepressant to the lungs. 
However, suspension pMDIs have a number of disadvantages.- For example, 
suspension pMDIs generally deliver lower doses than solution pMDIs and are prone 
to other issues related to suspensions, e.g., dose inconsistencies, valve blockage, and 
5 suspension instabilities (e.g., settling). For these reasons, and others, suspension 
pMDIs tend to be much more complex to formulate and manufacture than solution 
pMDIs. 

In accordance with one embodiment of the present invention, a suspension pMDI 
10 for a tricyclic antidepressant is provided. Preferably, the propellant of the 

suspension pMDI is a blend of two commercially available HFA propellants, most 
preferably HFA227 (1,1,1,2,3,3,3-heptafluoropropane) and HFA134a (1,1,1,2- 
tetrafluoroethane). In one embodiment, blends of abput 60% HFA227 and about 
40% HFA134a are used with a tricyclic antidepressant in a 3M coated (Dupont 3200 
15 200) canister with a Bespak BK630 series 0.22mm actuator. 

KT^Vmlisprl S ystems 

Another possible method of administration is via a nebulised system. Such systems , 
include conventional ultrasonic nebulised systems and jet nebulised systems, as well 

20 as recently introduced handheld devices such as the Respimat (available from 

Boehringer Ingelheim) or the AERx (available from Aradigm). In such a system, the 
tricyclic antidepressant could be stabilized in a sterile aqueous solution, for example, 
with antioxidants such as sodium metabisulfite. The doses would be similar to 
those described above, adjusted to take into consideration the lower percentage of 

25 the tricyclic antidepressant that will reach the lung in a nebulised system. Although 
these systems can be used, they are clearly inferior to the DPI systems described 
above, both in terms of efficiency and convenience of use. 

ftxamples - Milliner 
30 Various examples illustrating the invention are discussed below. Unless otherwise 
stated, the inhaler device used in the examples was an Aspkair prototype inhaler 
made by Vectura limited. 
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Formulations were produced from a commercially available clomipramine 
hydrochloride powder, using the Hosokawa AS50 jet mill. Either the pure drug was 
passed through the mill or a blend of drug with 5% w/w of a force control agent 
added. The mill was used with a range of parameters. Primarily, these were injector 
5 air pressure, grinding air pressure and powder feed rate. 

Formulation 1: The pure clomipramine hydrochloride was passed through the 
microniser three times, each time with an injector air pressure of 8 bar, grinding air 
pressure of 1.5 bar and powder feed rate of approximately lg/min. Malvern (dry 
• 10 powder) particle size measurement gave a d(50) of 1.2jxm. 

Formulation 2: Formulation 1 was pre-blended in a pestle with a spatula with 5% 
micronised 1-leucine. This blend was further micronised with an injector air 
pressure of 8 bar, grinding air pressure of 1.5 bar and powder feed rate of 
15 approximately lg/min. Malvern (dry powder) particle size measurement gave a d(50) 
of 1.2p.m. 

Formulation 3: The pure clomipramine hydrochloride was micronised with an 
injector air pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of. 
20 approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of l.OjjLm. 

Formulation 4: The pure clomipramine hydrochloride was micronised with an 
injector air pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of 
25 approximately lOg/min. This micronised clomipramine was pre-blended in a pestle 
with a spatula with 5% micronised 1-leucine. This blend was then micronised with 
an injector air pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate 
of approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 0.95ixm. 

30 

Formulation 5: The clomipramine hydrochloride was pre-blended in a pestle with a 
spatula with 5% magnesium stearate. This blend was micronised with an injector air 
pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of 
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approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 0.95>im. 

Formulation 6: The pure clomipramine hydrochloride was micronised with an 
5 injector air pressure of 7 bar, grinding air pressure of 1 bar and powder feed rate of 
approximately Ig/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.8|xm. 

This pre-micronised clomipra min e hydrochloride was then blended in a pestle with 
10 a spatula with 5% micronised Ueucine. This blend was then micronised with an 

injector air pressure of 7 bar, grinding air pressure of 1 bar and powder feed rate of 
approximately Ig/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.38jJLm. 

15 Formulation 7a: The pure clomipramine hydrochloride was micronised with an 

injector air pressure of 7 bar, grinding air pressure of 1 bar and powder feed rate of 
approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 3.5fim. 

20 This pre-micronised clomipramine hydrochloride was then blended in a pestle with 
a spatula with 5% micronised l-leucine. This blend was then micronised with an 
injector air pressure of 7 bar, grinding air pressure of 1 bar and powder feed rate of 
approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 2.0^m. 



25 
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Formulation 7b: The pure clomipramine hydrochloride was micronised with an 
injector air pressure of 7 bar, grinding air pressure of 3 bar and powder feed rate of 
approximately Ig/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.2^m. 

This pre-micronised clomipramine hydrochloride was then blended in a pestle with 
a spatula with 5% micronised l-leucine. This blend was then micronised with an 
injector air pressure of 7 bar, grinding air pressure of 3 bar and powder feed rate of 
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approximately lg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 0.99^. 

Formulation 7c: The pure clomipramine hydrochloride was micronised with an 
5 injector air pressure of 7 bar, grinding air pressure of 3 bar and powder feed rate of 
approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.6[im. 

This pre-micronised clomipramine hydrochloride was then blended in a pestle with 
10 - a spatula with 5% micronised Ueucine. This blend was lien micronised with an 

injector air pressure of 7 bar, grinding air pressure of 3 bar and powder feed rate of 
approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.1 Jim. 

15 Formulation 8a: The clomipramine hydrochloride was pre-blended in a pestle with a 
spatula with 5% micronised Ueucine. This blend was micronised with an injector 
air pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of 
approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.8jjLm. 

20 

Formulation 8b: The pure clomipramine was micronised with an injector air 
pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of 
approximately lOg/min. 

25 This pre-micronised clomipramine hydrochloride was then blended in a pesde with 
a spatula with 5% magnesium stearate. This blend was then micronised with an . 
injector air pressure of 7 bar, grinding air pressure of 1 bar and powder feed rate of 
approximately lOg/min. 

30 This powder was then processed in the Hosokawa MechanoFusion Mini-kit with 
1mm compression gap for 10 minutes. Malvern (dry powder) particle size 
measurement gave a d(50) of 1.39ixm. 
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Formulation 8c: The pure cloroipramine hydrochloride was micronised with an 
injector air pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of 
approximately lOg/min. 

This pre-micronised clomipramine hydrochloride was then blended in a pestle with 
a spatula with 5% magnesium stearate. This blend was then micronised with an 
injector air pressure of 7 bar, grinding air pressure of 1 bar and powder feed rate of 
approximately lOg/min. Malvern (dry powder) particle size measurement gave a 
d(50) of 1.38pm. 

Formulation 8d: The pure clomipramine hydrochloride was micronised with an 
injector air pressure of 7 bar, grinding air pressure of 5 bar and powder feed rate of 
approximately lOg/min. In this case, Malvern (dry powder) particle size 
measurement gave a d(50) of 1.67pm. 

Malvern particle size distributions show that clomipramine hydrochloride 
micronised very readily to small particle sizes. For example, Formulation 3 
micronised to 1.0pm with one pass at the relatively high grinding pressure of 5 bar 
and the higher powder feed rate of 1 0g/ min. 

Reducing the grinding pressure, for example to 1 bar, as with Formulation 6 interim 
powder, resulted in larger particles (d(50) of approximately 1.8|xm). Intermediate 
grinding pressure (3 bar) gave an intermediate particle size distribution (d(50) of 
approximately 1.2pm as for Formulation 7b interim powder). 

S imilarly , increasing powder feed rate, for example from 1 to lOg/min, resulted in 
larger particles, as can be seen by comparing d(50)s for Formulations 6 and 7a. 

The addition of FCA, for example leucine, as in Formulation 8a, appeared to reduce 
30 the milling efficiency. However, this change may have been caused by the 

concomitant improvement in flowabihty of the original drug powder leading to a 
sma ll but significant increase in the powder feed rate into the mill. It was observed 
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in other studies that milling efficiency was increasingly sensitive to this powder feed 
rate as it increased above lOg/min. 

It appeared possible from this series of examples to design the milling parameters to 
5 select a particular d(50). For example, a d(50) of approximately 1.4 could be 

obtained either by repeated low pressure milling and low feed rate (Formulation 6) 
or by a mix of higher and lower pressure milling at a higher feed rate (Formulation 
8c). 

10 Approximately 2mg of each formulation was then loaded and sealed into a foil . 
blister. This was then fired from an Aspirair device into a Next Generation 
Impactor with air flow set at 60 1/min. The performance data are summarised in 
Tables 1, 2 and 3. 

15 Table 1 



Formulation 


MD 
( m g) 


DD 


FPD 

< m e) 


FPF 
(MD) 


MMAD 


1 

(pure drug, jet-milled at 8/1.5 bar) 


1.64 


1.19 


1.05 


64 | 


1.53 


2 

(5% leucine, jet-milled at 8/1.5 bar) 


1.55 


1.32 


i.i9 ; 


78 


1.68 


3 

(pure drug, jet-milled at 7/5 bar) 


2.414 


1.832 


1.493 


62 


1.80 


4 

(5% leucine, jet-milled at 7/5 bar) 


2.120 


1.624 


1.474 


70 


1.52 


5 

(5% MgSt, jet-milled at 7/5 bar) 


1.737 


1.519 


1.390 


80 


1.44 


6 

(5% leucine, jet-milled at 7/1 bar) 


2.031 


1.839 


1.550 


76 


1.90 


7a 

(5% leucine, jet-milled at 7/1 bar) 


1.821 


1.685 


1.071 


59 


2.44 


7b 

(5% leucine, jet-milled at 7/3 bar) 


1.846 


1.523 


1.437 


78 


1.61 


7c 

(5% leucine, jet-milled at 7/3 bar) 


2.213 


1.940 


1.733 


78 


1.72 


8a 

(5% leucine, single pass at 7/5 bar) 


1.696 


1.557 


1.147 


68 


2.13 


8b 

(5% MgSt, jet-milled at 7/5 bar & 
Mechano-Fused) 


1.743 


1.542 


1.274 


73 


1.82 
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8c 

(5% MgSt, jet-milled at 7/5 bar) 


1.677 


1.570 


1.351 


81 


1.72 


8d 

(pure drug, jet-milled at 7/5 bar) 


2.049 


1.755 


1.447 


71 


1.83 



Table 2 



Formulation 


FPF % 
(<5*im) 


FPF % 
(<3um) 


FPF % j 
(<2um) 


FPF % 
(<lnm) 


1 

(pure drug, jet milled at 8/1.5 bar) 


oo 


83 


65 


21 


2 

(5% leucine, jet-milled at'8/1.5 
bar; 


on 


82 


60 


17 


3 

(pure drug, jet-milled at 7/5 bar) 


82 


71 


51 


14 


4 

(5% leucine, iet-milled at 7/5 bar) 


Q1 


85 


68 


21 


5 

(5% MgSt, iet-ruilled at 7/5 bar) 


✓ JL 


90 


73 


20 


6 

(5% leucine, jet-milled at 7/1 bat) 


84 


74 


48 


10 


7a 

(5% leucine, jet-milled at 7/1 bar) 


64 


46 


28 


6 


7b 

(5% leucine, jet-milled at 7/3 bar) 


94 


88 


67 


14 


7c 

(5% leucine, jet-milled at 7/3 bar) 


89 


80 


56 


14 


8a 

(5% leucine, single pass at 7/5 bar) 


74 


57 


37 


9 


8b 

(5% MgSt, jet-milled at 7/5 bar & 
Mechano-Fus ed) 


83 


68 


47 


15 


8c 

(5% MgSt, iet-milled at 7/5 bar) 


86 


74 


53 


21 


8d 

(pure drug, jet-milled at 7/ 5 bar) 


82 


69 


50 


19 



Table 3 



Formulation 


Recovery 

% 


Throat 

% 


Blister 

% 


Device 

% 


1 

(pure drug, jet milled at 8/1.5 bar) 


82 


8 


1 


26 


2 

(5% leucine, jet-milled at 8/1.5 bar) 


81 


7 


0 


15 
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3 

(pure drug, jet-milled at 7/5 bar) 


121 


10 


3 ! 


21 


4 

(5% leucine, jet-milled at 7/5 bar) 


106 


5 


1 


23 


5 

(5% MgSt, jet-milled at 7/5 bar) 


91 


6 


0 


12 . 


6 

(5% leucine, jet-milled at 7/1 bar) 


107 


10.6 


1.3 


8.2 


7a 

(5% leucine, jet-milled at 7/1 bar) 


96 


24 


1.3 


6.1 


7b 

(5% leucine, jet-milled at 7/3 bar) 


97 


3 


0.6 


16.9 


7c 

(5% leucine, jet-milled at 7/3 bar) 


116 


7 


0.6 


16.9 


8a 

(5% leucine, single pass at 7/5 bar) 


87 


18 


2 


6 


8b 

(5% MgSt, jet-milled at 7/5 bar & 
Mechano-Fused) 


92 


14 


1 


10 


8c 

(5% MgSt, jet-milled at 7/5 bar) 


87 


10 


1 


6 


8d 

(pure drug, jet-milled at 7/5 bar) 


102 


9 


2 


12 



The compound appears to have a relatively high tendency to stick in the device 
cyclone. The device retention appeared high (above 20%) where pure drug was 
used, and especially increased with small particle sizes (especially Ijxm and below), 

5 for example Formulations 1 and 3 had high drug retention. Formulation 8d had a 
d(50) of 1.8{xm with lower device retention at 12%. Device retention was lower 
with use of magnesium stearate, for example as with Formulation 5 where device 
retention was 12% despite a d(50) of 0.95}im. Device retention was also reduced 
below 20% when leucine was used in combination with a particle size above lpim, 

10 for example with Formulation 8a. 

Throat deposition was reduced proportionately as particle size was reduced. High 
throat deposition (>20%) occurs with particle size d(50)>2fim: e.g. Formulation 7a. 
Throat deposition of below 10% was seen for particle sizes below ljxm. The 
15 reduced inertial behaviour of the smaller particles may well contribute to this 

observation. However, as noted above, device retention tended to be greater for 
such small particles. 
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It is argued that as particle size was reduced, increased adhesivity and cohesivity 
results in increased device retention. This adhesivity and cohesivity and hence 
device retention can be reduced by addition of force control agents, attached to the 

5 drug particle surface (or drug and excipients as appropriate). In Aspirair it is 

believed that a level of adhesivity and cohesivity is desirable to prolong lifetime in 
the vortex, yielding a slower plume, but adhesivity and cohesivity should not be so 
high as to result in high device retention. Consequendy a balance of particle size, 
adhesivity and cohesivity is required to achieve an optimum performance in 

10 Aspirair. 

Single step co-milling with FCA appears effective in some examples such as 
Formulation 5. It is proposed from this initial study that multiple stage processing 
may be more effective where the conditions are selected to achieve particularly 

15 desirable effects. For example, first stage high pressure milling of pure drug may be 
used to produce the required size distribution (i.e. approximately 1.4um), and a 
second stage lower pressure co-milling used to mix in the force control agent, 
whereby better mixing is achieved without milling and with reduced segregation of 
components in the mill. This is shown in Formulation 8c, where a combination of 

20 both relatively low throat deposition and low device retention are achieved. 

Control of particle size from milling appears critical to effective performance in 
Aspirair. Competence and know-how in jet milling is a key skill. 

25 Without the use of FCA it might be possible to get acceptable performance, on 
condition the d(50) particle size is well controlled within an estimated range of 
approximately 1.5 to 2jim. Multiple shots were not fired, hence the tendency for 
device build-up was not evaluated. However, device retention of >10% on single 
shots appears high. 



30 



Addition of FCA appears to significantiy reduce device retention on single shots, 
with magnesium stearate being more effective than leucine. An optimum 
performance appears to be for particles in the estimated range of approximately 1.3 
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to 1.8iim, which are co-milled with magnesium stearate. In addition, it is suggested 
that a 2-stage milling may afford improved control, the first to achieve suitable 
particle size, the second to co-mill at reduced pressure to get coating. 

5 Suitable repeat formulations, repeat tests and attention to issues of dose, recovery, 
stability and assay would be needed to confirm the above results. 

Esaffipk§ - Spray Drying 

An alternative method of preparing fine dry powder particles of a tricyclic 
10 antidepressant is spray, drying. ...... 

Whilst particle comprising tricyclic antidepressants such as clomipramine may be 
prepared using conventional spray drying techniques, particularly good performance 
is observed where the spray drying is adapted to allow the spray dried particles to be 
15 "engineered". 

In particular, it has been found that spray dried dry powder formulations exhibit 
beneficial properties and excellent performance in dry powder inhalers when the 
spray drying apparatus includes an alternative to the convention two-fluid npzzle to 

20 produce the droplets which creates droplets travelling at slower speeds than those 
created by the two-fluid nozzles. An example of such an alternative droplet 
forming means is an ultrasonic nebuliser (USN). The spray dried particles formed 
using a USN tend to be smaller and denser than those formed using a conventional 
spray drying apparatus. Small particle size distributions have also been observed. 

25 What is more, when co-spray drying an active agent with an additive or force 

control agent, it has been found that the additive can migrate to the surface of the 
droplet/particle during drying, which makes the additive more effective in 
controlling particle cohesion as it is present on the surface of the particles. 

30 In this example, formulations comprising clomipramine were prepared by spray 
drying using an apparatus fitted with an ultrasonic nebuliser. The formulations 
were- tested in Aspirair (trade mark) and MonoHaler (trade mark) devices. 
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The clomipramine hydrochloride formulation was produced from an original 
clomipr amin e hydrochloride powder, using a spray drying system comprising an 
ultrasonic nebulisation unit, a gas flow for transporting the droplets nebulised into a 
heated tube to dry the droplets, and a filtration unit for collecting the dried 
5 particles. 

An aqueous solution of the clomipramine hydrochloride was made containing 2% 
w/w relative to the water. Sufficient leucine was added to make 5% w/w relative to 
the drug. 

The solution was nebulised with a frequency of 2.4MHz and guided through the 
tube furnace with furnace surface temperature heated to approximately 300°C, after 
which the dried powder was collected. The gas temperature was not measured, but 
was substantially less than this temperature. Malvern (dry powder) particle size 
measurement gave a d(50) of 1.1 |xm 

The Malvern particle size distributions show that the clomipramine hydrochloride 
has very small particle sizes and distributions. The d(50) values are Llpm for 
clomipramine hydrochloride. The mode of the distribution graph is 
20 correspondingly 1.15. Further, the spread of the distribution is relatively narrow, 
with a d(90) value of 2.5jim, which indicates that substantially all of the powder by 
mass is less than 3(im. 

Approximately 2mg of the clomipramine hydrochloride formulation were then 
25 loaded and sealed into foil blisters. These were fired from an Aspirair device into a 
Next Generation Impactor (NGI) with air flow set at 901/rnin. The results are based 
upon a single blister shot. 

Approximately 20mg of the clomipramine hydrochloride formulations were loaded 
30 and sealed into size 3 capsules. The clomipramine hydrochloride capsules were 

gelatine capsules. These capsules were then fired using the MonoHaler device into a 
NGI with an air flow set at 901/min. The performance data are summarised as 
follows, the data being an average of 2 or 3 determinations: 



-43- 



Table 4: Powder perf^rm^nrp study of drug and 5% teudne dicp^n^d rising Aspirair 

(trade marlcl 



Aspirair 


MD 
(jim) 


DD 
Gim) 


FPD 

(um) 


FPF% 
(<5um) 


FPF% 
(<3um) 


FPF% 
(<2um) 


FPF% 
(<lum) 


Clomipramine 
2mg 


1739 


1602 . 


1461 


91 


81 


62 


28 



5 . Table 5: Powder performance study of drug an d 5% leucine dispensed using Aspirair 
feEade marlr) 



Aspirair 


MMAD 


Recovery 
(%) 


Throat 
(%) 


Blister 
(%) 


Device 
(%) 


Clomipramine 
2mg 


1.56 


88 


4 


3 


5 



Table 6: Powder performance study of drug and 5 % 1«nHn<> dispensed using Monohaler 
(trade mark) 



Monohaler 


MD 
(um) 


DD 

(um) 


FPD 
(Mm) 


FPF% 
(<5um) 


FPF% 
(<3um) 


FPF% 
(<2um) 


FPF% 
(<lum) 


Clomipramine 
20mg 


18359 


16441 


12685 


77 


56 


37 


19 



10 

Table 7: Powder performance study of dru g and 5% leucine disp ensed usiny Monohaley 



Monohaler 


MMAD 


Recovery 

(%) 


Throat 
(%) 


Blister 
(%) 


Device 
(%) 


Clomipramine 
20mg 


2.38 


86 


10 


1 


9 



The device retention in the Aspirair device was surprisingly low at 5%. This was 
15 especially low given the small particle sizes used (d{50) of 1.1 fxm) and the relatively 
' high dose loadings used. In comparison, clomipramine hydrochloride co-jet milled 
with 5% leucine with a d(50) of 0.95[xm gave a device retention of 23% under 
otherwise similar circumstances. 

20 When using the Monohaler device to dispense the formulations, the device retention 
was higher than observed when the Aspirair device was used. However, device 
retention of 9% still appears to be relative low for a formulation that comprises 
>90% ultrafine drug. 
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Throat retention was also very low. When the formulations were dispensed using 
the Aspirair, it was as low as 4%, whilst with Monohaler as the device, the results 
show slightly higher throat retention (10%). 

5 

It has previous been argued that as particle size was reduced, powder surface free 
energy and hence powder adhesivity and cohesivity would increase. This would be 
expected to result in increased device retention and poor dispersion. Such 
adhesivity and cohesivity and hence device retention/poor performance has been 

10 shown to be reduced by addition of force control agents, attached to the drug 

particle surface (or drug and excipients as appropriate). In Aspirair, it is believed 
that a level of adhesivity and cohesivity is desirable to prolong lifetime in the 
vortex, yielding a slower plume, but adhesivity and cohesivity should not be so high 
as to result in high device retention. Consequendy a balance of particle size, 

15 adhesivity and cohesivity is believed to be required to achieve an optimum 
performance in Aspirair. 

The dispersion results for the powder was excellent when using Monohaler as the 
device. 

20 

It is believed that the results indicate that the ultrasonic nebulising process results in 
a most effective relative enrichment of leucine concentration at the particle surface. 
The surface enrichment is dependent upon the rate of leucine transport to the 
surface, the size of the particle, and its precipitation rate, during the drying process. 
* 25 This precipitation rate is related to the slow drying of the particles in this process. 
The resulting effect is that the particle surface is dominated by the hydrophobic 
aspects of the leucine. This presents a relatively low surface energy of the powder 
despite its small particle size and high surface area. It therefore appears that the 
addition of a force control agent is having a superior influence to adhesivity and 
30 cohesivity and hence the device retention and dispersion. 
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The inclusion of leucine appears to provide significant improvements to the 
aerosolisation of clomipramine hydrochloride,- and should make this drug suitable 
for use in a high-dose passive or active device. 
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Claims 



1. A composition for treating premature ejaculation by pulmonary inhalation, 
said composition comprising a tricyclic antidepressant. 

5 

2. A composition as claimed in claim 1, wherein the tricyclic antidepressant is 
clomipramine or clomipramine hydrochloride. 

3. A composition as claimed in either of the preceding claims, wherein the 

10 administration of the composition by pulmonary inhalation is not accompanied with 
the adverse side effects usually associated with the administration of the tricyclic 
antidepr es sant. 

4. A composition as claimed in any one of the preceding claims, wherein the 

15 composition provides a dose of tricyclic antidepressant of less than about 25mg, less 
than about 20mg, less than about 15mg, less than about lOmg or less than about 
5mg. 

5. A composition as claimed in any one of the preceding claims, wherein the 

20 composition provides a dose of tricyclic antidepressant of from about 2mg to about 
20mg, from about 2mg to about 15mg, from about 2mg to about lOmg, or from 
about 2mg to about 5mg. 

6. A composition as claimed in any one of the preceding claims, wherein the 
25 composition is a dry powder composition. 

7. A composition as claimed in claim 6, wherein the composition comprises 
particles of tricyclic antidepressant having a mass median aerodynamic diameter of 
lOfim or less. 



30 



8. A composition as claimed in claim 7, wherein the mass median aerodynamic 
diameter is 5fim or less. 
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9. A composition as claimed in any one of claims 6 to 8, wherein at least 90% 
of the tricyclic antidepressant has a particle size of lOjLim or less. 

10. A composition as claimed in claim 9, wherein at least 90% of the tricyclic 
5 antidepressant has a particle size of 5^m or less. 

11. A composition as claimed in any one of claims 6 to 10, wherein the 
composition further comprises an additive material. 

10 12. A composition as claimed in claim 11, wherein the additive material is 
provided in an amount from about 0.15% to about 5% of the composition, by 
weight. 

13. A composition as claimed in either of claims 11 or 12, wherein the additive 
15 material is selected froni the group consisting of leucine, magnesium stearate, 

lecithin, and sodium stearyl fumarate. 

14. A composition as claimed in any one of claims 6 to 13, wherein the 
composition farther comprises an excipient material. 

20 

15. A composition as claimed in claim 14, wherein the excipient material is in 
the form of carrier particles having an average particle size of 40 to 70|jjm. 

16. A composition as claimed in any one of claims 1 to 5, wherein the 

25 composition comprises a solution pMDI formulation including a propellant, a 
solvent and water. 

17. A composition as claimed in any one of claims 1 to 5, wherein the 
composition is a suspension pMDI formulation including a propellant. 

30 

18. A composition as claimed in claim 16 or 17, wherein the propellant is 
HFAl34a and/or HFA227. 
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19. A method of treating premature ejaculation, the method comprising 
administering to a subject in need of such treatment a composition as claimed in any 
one of the preceding claims. 

5 20. A method as claimed in claim 19, wherein the method does not cause the 
adverse side effects normally associated with the administration of the tricyclic 
antidepressant. 

21. Use of a tricyclic antidepressant in the manufacture of a medicament for 
10 treating premature ejaculation by pulmonary inhalation, wherein the medicament 

comprises a composition as claimed in any one of claims 1 to 18. 

22. A use as claimed in claim 21, wherein the medicament does not cause the 
adverse side effects normally associated with the administration of the tricyclic 

/ 5 antidepressant. 

23. A dry powder inhaler device comprising a composition as claimed in any one 
of claims 1 to 18. 

20 24. A dry powder inhaler device as claimed in claim 23, wherein the inhaler is an 
active inhaler. 

25. A dry powder inhaler as claimed in either of claims 23 or 24, wherein the 
inhaler is a breath actuated inhaler device. 

25 

26. A blister for use in a dry powder inhaler device as claimed in any one of 
claims 23 to 25, wherein the blister contains the composition. 
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Abs tract 

Pharmaceutical Compositions 

. 5 The present invention relates to inhalable formulations comprising a tricyclic 

antidepressant for use in treating premature ejaculation. The present invention also 
relates to methods for preparing the formulations as well as to methods of treating 
of premature ejaculation using said formulations and inhalers including said 
formulations. The present invention further relates to the use of a tricyclic 
10 antidepressant in the manufacture of a medicament for treating sexual dysfunction. 



